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FOREWORD

Mhromotropy is a well-lmown phenomena which, in the general field
of colorants for textiLe surfaces, has been considered to be trouble-
some and, therefore, a matter to be avoided. Other activities involving
chromotropy have utilized colorant systems which cannot be adapted to
textile materials.

This report covers the first year of effort in a three-year
program designed to synthesize colorant systems that may have
applicability to fibrous substrates as part of a general plan to
develop materials that could be useful in the development of a
dynamic camouflage system for the individual soldier. The study is,
a' present, a fundamental synthetic organic effort with resolution
of the properties of the developed colorants.

The work covered in this report was performed under Contract
DA19-129-AMC-2ý9(N) and covers -he period April 1964 to April 1965.
It was conducted under the leadership of Dr. Ralph A. Coleman. The
principal participating American Cyanamid Co. personnel were Dr.
Walter H. Foster, Jr., Dr. John Kazan and Mrs. Marion Mason.

This study was initiated under Project No. iKO-244l01-A1l3 by
Mr. Frank J. Rizzo, who acted as Project Officer, assisted by
Mr. Alvin 0. Ramsley initially and later by Dr. Edward M. Healy,
all of the Clo hing and Organic Materials Division of the U. S. Army
Natick laboratories.

S. J. KENNED
Director

Clothing & Organic Materials Division

APPROVED:

DALE H. SIELING, Ph. D.
Scientific Director

W. W. VAUGHAN
Brigadier General, USA
Commanding

iii



TAMT OF COOTOTS

List of Tables vi

List of Figures vii

Abstract viii

I. General Introduction 1

II. Synthesis 2

4. Introduction 2
B. Results and Discussion 2
C. Experimental 7

Homogeneous Solvent System for the Preparation of
Dithisonate Derivatives (Procedure 1) 8

Two-Phase System for the Preparation of Dithisonates
(Procedure 2) 8

Preparation of Fiber Reactive Compound 14 (II)
(Procedure 3) a

Preparation and Purification of Diphenylcarbasone (nr)
(Compound 65) (Procedure 4) a

III. Evaluation 10

A. Introdactiom 10
. Epriumtal 10

1. Solatie Studies 10
2. Film Studies 12

C. Results and Disoussion 13

1. Spectra 14

a. Xercury Type 14
b. P114Kiua Týy .1.6

2. Photochronism (Conversion and Return Rates) 16
3. Stability Studies 17

a. Light Fastness 17
b. Thsrmotynamic Stability 19

iv



TALA OF CONTENTS •CONT'D)

Page

4. Application Studies 19

a. Fiber Reactivity 19
b. Disperse Dyeings 20

IV. Conclusions and Recotimendations 20

References 24

Data Sheets (Compounds 1-65) 25

v



LIST OF TABLES

Table Page

I Summary of Compound Numbers of Metal
Dithizonates Synthesized in This Report 3

II Photochromic Properties of Unsubstituted
Metal Dithizonates in "Dry" Methylene
Chloride at Room Temperature 13

III Effect of Pheen -1 Substituents on the
Spectral Properties of Mercury and Zinc
Bisdithizonates in "Dry" Methylene
Chloride at Room Temperature 15

IV Light Fastness of Metal Dithizorates in
CelluLlose Acetate Film (Sun Hours to 50%
Fade) 18

V Fixation of Reactive Mercury Dithizonate
on Nylon 19

VI Photochromism of Peactive Mercury
Dithizonate on Nylon 20

vi



LIST OF FIGBRES

Figure Page

1 Spectral curves of 2.6 x 10-5 M methyl-
mercury 1,5-diphenylthiocarba7onate in
methylene chloride (1-cm. cell) 94

2 Spectral curves of 1.54 x 10-5 M mercury
bis(i, 5-diphenylthiocarbazonateT in
methylene chloride (1-cm. cell) 95

3 S ctral curves 1.62 x l0-5 M mercury bis-
j,5 -di (f-trf fluoromethylphenyl) thio -
carbazonate_, Compound 24, in methylene
chloride (1-cm. cell) 96

4 Spectra1 curves of 7.28 x 10-6 M zinc bis-
I 5-di(o-methoxyphenyl)thiocarbazonate7,
Compound 3, in methylene chloride (i-cm. cell) 97

5 Spectral curves of 2.1 x 10-5 M palladium
bislT, 5-di (o-ethylphenyl)thioc;rbazonateg,
Compound 8,-in methylene chloride (1-cm. cell) 98

6 Spectral curves of 1.05 x lO"5 M bismuth
trisf3, 5-di(o-methoxypheny].)thiocarbazonateg,
Compound 5, in methylene chloride (i-cm. cell) 99

7 Spectral curves of 2.58 x 10-5 M triphenyl-
lead (1,,5-diphenylthiocarbazonate), Compound
10, in methylene chloride (1-cm. cell) .100

8 Spectral curves of 2.13 x iO-5 M phenyl-
bismuth bis(i1,5-&Lphenylthiocar~azonate),
Compound 13, in methylene chloride (1-cm. cell) 101

9 Spectral curves of 2.9 x 10-5 M silver
1, 5-di(o-ethylphenyl)thiocarbazonate,
Compoun7d 6, in methylene chloride (i-,-m. cell) 102

10 Spectral curves of 4.31 x M0"5 m platinum 103
bisj, 5-di(i-ethylphenyl)thiocaFbazonate_,
Compound 9, in methylene chloride (1-cm. cell.)

vii



ABSTRACT

In a stuay of photochromic colorants potentially useful for a
"chameleon" type camouflage system, a number of metal dithizonates have
been synthetically modified by introduction of groups in the ortho ieta
and p positions of both phenyl rings of dithizone. The resulting
complexes were tested for spectral, photochromic and lightfastness
properties. While spectral changes and increases in both rilubiLity and
lightfa.;tness were affected by some ortho substituents, the photochrcmic
prCperties (photostationary conversion and thermal return rate) were only
slightly affected by substitution.

The complexes of mercury exhibit the best all-round performance
a-th 7h some zinc complexes approach the performance of mercury. The
vcomplexes of palladium exhibit potentially useful spectral and photo-
clirornLc behavior that is quite different from the mercury type complexes
and more application research is recommended regarding the incorporation
rf these palladium complexes in textile fibers.

Fiber reactivity (on nylon) has teen introduced into the merc-zy
dithizonate system via a dichlorotriazinyl reactive group. This compound
exhibited photochromic properties when reacted with nylon.

Recommendations for future synthetic work are presented.

viii
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I. GENERAL INTRODUCTION

The work described in this report was carried out as
part of the program to obtain background data on colorant
systems that might be used to develop a "chameleon" type
camouflage system for protection of personnel and equipment
in various environments.

The results of a prior feasibility study1 in this
area indicated that photochromic colorants currently represent
the most feasible approach for the development of a "chameleon"
camouflage system. In its simplest form a photochromic system
consists of a stable (A) and a metastable (B) form in a photo-
equilibrium.

A hv B
Stable A Metastable

The position ,f the photoequilibrium is determined at any time
by the intensity of the light absorbed by A (converting into B)
and by the temperature of the substrate and of B which returns to
A as the result of thermal vibrations of the molecule. During
this feasibility study, a brief evaluation of a number of
presently available photochromic compounds indicated that the
system based upon the metal complexes of dithizone (diphenyl-
thiocarbazone) offers the following advantages for photochromic
camouflage:

1. Large differences in spectrum of the stable (A) and
metastable (B) forms (i.e., large color changes).

2. Fast photo and thermti1 rates in polymers.

3. Favorable photostationary conversions (from stable
to metastable form) at sunlight intensity levels.

4. Absence of complicating side reactions (no photo
back reaction).

5. Thermal (dark) return rate adjustable by the use of
additives.

6. Good photostability when protected with a near ultra-
violet absorber.

None of the other presently available photochromic
systems appeared to offer this unique combination of favorable
properties. For this reason, the nrimary synthetic and evalua-
tion efforts during the first year of the present three-year
contract were directed toward synthetic modification of the
metal dithizonate systems with the specific objectives of:
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a. Varying the 0olor of the stable and metastable
forms.

b. Reducing the fast thermal return rates of the
nonmercury complexes.

c. Improving the light fastness of the system.

d. Exploring fiber reactivity.

A smaller effort was also directed toward synthetic
modification of some other available photochromic systems.

II. SYNTHESIS

A. Introduction

The synthetic effort during the first contract year
has been governed by the considerations outlined in Section I.
The major effort was concentrated on the preparation of a
variety of substituted metal dithizonates in order to provide
tne compounds necessary for the proper evaluation of this system.
A limited portion of the effort was directed towards other areas,
such as fiber reactivity, modification of the dithizonate and
other systems, and theoretical studies. It should be emphasized
that the amount of time spent on these latter areas was limited
by the effort necessary to prepare and purify to analytical
grade the sixty-odd dithizonate derivatives made during the year.

B. Results and Disaussion

The substituted metal dithizonates (diphenylthio-
carbazonates) were prepared by two general synthetic procedures.
The monodithizonates and certain bisdithizonates wVere prepared
by an extraction procedure using a two-phase system consisting
of water and an organic solvent, while the bulk of the bis-
dithizonates were prepared in a homogeneous solvent system.
The stable and rapid-forming bisdithizonates were prepared by
the homogeneous procedure; the acid sensitive monodithizonates
and certain bisdithizonates that formed slowly were prepared
by the two-phase method. These procedures offered no difficulty
except in the case of certain mercury compounds where there was
a tendency to form mixtures containing chloromercurydithizonates
(I) rather than bisdithizonates unless an excess of ligand was
used.



TABLE I

Summary of Compound Numbers of Metal Dithizonates

Synthesized in This Report

-H @ 
R

N-N

Metal- -S-C

N =N - & R
n

Metal
R Hg Zn Cd Pb P Bi AS Pt

H 14* J0* 13*
15*

o2-Ethyl 12 18 17 19 8 6 9
p -Ethyl 30 31 33 32 59
o-Methoxy 3 4 7 16 5 1).

4-Neh5x 52 53 51
R-Methoxy 44 6o 61 50
o-Trifluoromethyl 24 25 29 27 28
o-Chioro 20 22 21 23 26
m-Chloro 40 39 43 42 41
p-Chioro 35 34 307 36 38
o-Fluoro 46 47 48 49
m-Fluoro 54 56 58 62
p-Fluoro 55 57 64 63

*10 Triphenyllead 1,5-diphenylthiocarbazonate

*13 Phenyl.bismuth bis (1,5-diphenyithiocarbazoriate)
*14 p-Aminophenylmercury 1,5-dipheniylcarbazonate

*15 p-jL4, 6-Dichioro- s-tria zin-2-yl )aming~phenyjlmercury 1, 5-d ipheny).
th iocarba zonat-e

1 l,5-Di~o-methoxypheny1 )thi'ocarbazone
2 1,5-Di(o-ethylpheny1 )thiocarbazone

65 1,5-Diphenylcerbazone

Note: These compound numbers (1-65) are those given on the data
sheet~s.
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,-- C,ýN-NH--a~
Cl-Hg, I

R

I

Difficulties in purification were encountered with
derivatives of ligands containing halogen substituents and with
lead and cadmium compounds. These resulted from insolubility
and a tendency to decompose when purification was attempted
using high boiling solvents. A few of the derivatives formed
molecular compounds with solvents. A model fiber reactive
compound (II) (Compound 15) was prepared by treating p-amino-
phenylmercurydithizonate (Compound 14) with cyanuric chloride
in the presence of sodium bicarbonate.

C1

'NN-N

Ci 0

II

Since the palladium dithizonates have spectral and
photochromic properties different from those of the mercury
class of compounds, it was thought that these changes might
be due to a different type of chelation, i.e., III instead
of IV. If III is a possible form, 3-methylthio-l,5-diphenyl-

,,-Ar_ CZN-NHi-Ar

HSC.Pd /2 _ I

/Ar KgA
III IV 2

formazan (V) should form a palladium derivative similar to III

under the conditions for the preparation of the palladium



dithizonates. The only material isolated from such an attempt
was an orange powder which charred, but did not melt and had a
very poor analysis with high palladium content. Similar results
are reported by Irving and Bell 2 .

CH3"-S-C

V

Another compound which would be of theoretical interest
with regard to the photochromic medhanism of the metal dithizonates
would be a dithizonate without a proton on nitrogen (VI).
Unfortunately, such a compound has eluded preparation, although

R
I

Hg.. Iý

VI/

several methods have been tried both here and in a company-
sponsored program which was not connected with the contract.
These procedures can be grouped into two general classes:
Attempts to acetylate or methylate mercury bis(dithizonate)
(VII) or attempts to prepare the ligand (VIII).

H. 1pN SCN/ NN

2 VIII

VIII
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Attempts to acetylate the derivative resulted either in no reaction - in
the formation of amorphous, insoluble solids which charred and did not
melt. Methylation led to the formation of 3-methylthio-l,5-diphenylformazan
(V). Unsuccessful procedures for the preparation of the ligand have included
a) the reaction of ,NN-methylphenylthiosemicarbazide with nitrosobenzene

(Eq. 1); (b) an exchange reaction between the phenylhydrazine salt of
/I -phenyldithiocarbazic acid and phenylmethylbydrazine (Eq. 2) to form the
unsymmetrical compound, followed by conversion of this material to the un-
symmetrical thiocarbazide (X) with oxidation of the latter to the thio-
carbazone (IX); and (c) reaction between N-isothiocyano-N-methylnniline
and phenymhydrazine (Eq. 3) to give the thiocarbazide (XJ. The mercury
derivative of the ligand produced in this reaction was shown to be
mercury bis(dithizonate). However, since this compound is a minor
product of the reaction, further work on the procedure is warranted.

CH3 S CH3 S
I if 1 - i

I. O-N-NII-c-N 2  + ON-0 . -N-NH-C-N=N-0 + H2 0

S.C

CH
2. O-NH-NH-C-SH . NH -NH - + ÷ -- N 3

S

/I CH3•-H HC-SH . H2"-N

CH 3

x

I'
3. 0-N-NH- C=S + %H-0 - 0-N-N-c-N-N-i I

CR3  C`3
x

A limited amount of work has been carried out on diphenylcarbazone
(XI) and its derivatives.
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"N=0
o=!N-N--0

XI

Diphenylcarbazone was prepared and an attempt was made to
synthesize its mercury derivative (XII). The resulting purple
solid had a very poor analysis for compound XII. A study of
the analysis indicates that the product is a mixture of mercury
chelates in which both protons on the ligand have been replaced.
This result is in accord with the work of Belt and Van Dalen3 .
The preparation of the di-ortho-ethyl derivative of diphenyl-
carbazone (XIII) is almost complete, with the purification of
thc compound remaining to complete the synthesis.

__CH2CH3

o-N-NH-0 /N -- IN
Hg 0=C

02

XII 
XIII

The preparation of compound XIV,, a modified spiropyran, is
still under investigationo since the reaction of 1,3,3-trimethyi-
indoline and l-nitroso-2-naphthol gave a complex mixture, the
components of which have not been characterized.

CE3

X17

C. Experimental

Except for the ligands reported in this paper, all
others were prepared in a company-sponsored program which was
not connected with the contract (the ligands were prepared by
the procedure of Hubbard and Scott 4 with modifications).
Physical data on the compounds prepared will be found on data
sheets at the end of the report.
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Homogeneous Solvent System for the Preparation of Dithizonate
Derivatives (Procedure 1)

The dithizone (diphenylthiocarbazone) (l or 2 g.) was
dissolved in 100 ml. of refluxing tetrahydrofuran, and a solution
of the metal salt in 20 ml. of water was added. The solution was
refluxed 5-15 minutes and solid sodium bicarbonate was added in
cases where the color indicated that tre reaction was not pro-
ceeding to conclusion. The resulting mixture was drowned in
200-800 ml. of water and the solid isolated by filtration. In
cases where an oil was formed, it was extracted into methylene
chloride, the solution was dried and the solvent was removed by
evaporation. The product was purified by chromatography and/or
crystallization.

Two-Phase System for the Preparation of Dithizonates
(Procedure 2)

The metal salt was suspended or dissolved in a mixture
of 100 ml. of methylene chloride or benzene and 100 ml. of a
hydrochloric acid, phosphate buffer (pH 7) or sodium bicarbonate
solution; the dithizone was added in portions (or all at once in
the case of slowly reacting systems). The organic layer was
separated from the aqueous solution and washed with ammonium
hIxdroxide and water. Drying followed by evaporation of the
solvent gave a residue which was purified by crystallization
or chromatography. In cases where a solid was formed during
the reaction, giving a three-phase system, the solvent was
evaporated from the mixture and the product was isolated by
filtration and purified by crystallization.

Preparation of Fiber Reactive Compound 14 (I1) (Procedure 3)

The p-aminophenylmercurydithizonate (Compound 14) was
dissolved in a 9-1 mixture of acetone and water and two equiva-
lents of sodium bicarbonate and one equivalent of cyanuric
chloride were added. The resulting solution was stirred at
ice bath temperature for 15 minutes and drowned in ice water.
Filtration and crystallization from acetone gave the pure product
as orange-red plates.

Preparation and Purification of Diphenyl-arbazone (XII
(CoC ound 65) (Procedure 4)

Diphenylcarbazone was prepared from commercial diphenyl-
carbazide by air oxidation in the presence of potassium hydroxide.
The product was purified by the procedure of Da Silva, Calado
and De Moura5.

Preparation of l,5-Di-c-ethylphenylcarbazone (XIII)

1,5-Di-o-ethylphegyl-3-nitrof'ormazanj prepared by the
procedure of TUrb7ell et al. m.p. 105.5-106.5', was converted
to 5-hydroxy-2,3-bis(o-ethylphenyl)tetrazolium betaine (explosion
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point 159" by a modification of a procedure reported by Dubenko
and Pelkis . The betaine was reduced with ammonium hydrosulfide
to the corresponding carbazide, m.p. 152-1530, and the latter
was oxidized to the carbazone with air using potassium hydroxide
in methanol. Purification of this compound is not complete.

Attempted Preparation of Mercury Bis(1,5-diphenylcarbazonate)
(XII)

Mercuric acetate was allowed to react with diphenyl-
carbazone according to Procedure 2 to give a bronze-purple solid,
m.p. 159-160" 'chloroform-methanol).

Analysis: Calc'd for C2 6e 2 2 N8 0 2 Hg: C 45.9; H, 3.17; N, 16.5;
Hg, 29.5.

Found: C, 27.2; H, 1.91; N, 9.6;
Hg, 57.2.

Reaction of ý-Meth;Llthio-l•5-diphenyl Formazan (V) with
Palladium Chloride

The reaction was carried out using the same procedure (:
utilized for the preparation of the palladium dithizonates. The
product Isolated was an insoluble orange solid which charred above
2800 but did not melt.

Analysis: CalP'd For C2 8 H2 6 N8S2Pd: C, 52.1; H, 4.o6; N, 17.4;
s, 9.9; Pd, 16.5.

Found: Co, 37.6; H, 3.46; N, 12.5;
s, 8.1; Pd, 25.4.

Attempted Preparations of Mercury Bis(l-methyl-1,5-diphenyl-
thiocarbazonate) (VI, R-0H3)

(A) Treatmer..t of mercury bis(dithizonate) with methyl
iodide in the presence of sodium hydroxide gave a black solid
which when purified by chromatography gave as the only isolable
product 3-methylthio-l,5-diphenylformazan, m.p. 128-1290 (mixed
melting point with an authentic sample gave no depressioni.
Thin layer chromatography indicated the product gave the same
Rf value as the authentic material.

(B) N-Isothioayano-N-methylanillne was prepared from
pherylmethylhydrazine and týiophosgene by a modification of the
met',od of Beckett and Dyson 0 . The oil was treated with phenyl-
hy,'razine in ethanol to give., after a complicated workup, a
small quantity of a thiocarbazone. Mercuric chloride treatment
of the thiocarbazone from several reactions gave a red solid
which when crystallized from n-butyl alcohol melted with charring
at 192-194". Comparison of t$e infrared spectrum of the solid
with that of authentic mercury bis(dithizonate) indicated that
it was predominantly composed of tne latter material.



Attempted Preparations of Mercury Bis(l-acetyl-l,5diphenyl-
thiocarbazonate) (VI, R--COCH 3 )

(A) Mercury bis(dithizonate) in acetic anhydride was refluxed in
the presence of a small quantity of aluminum chloride. Thin layer
chromatography and the melting point and mixed melting point indicated
that the product was starting material.

(B) Me-rcury bis(dithizonate) in pyridine was treated with acetyl
chloride. A yellow precipitate formed which was insoluble in organic
solvents and did not melt below 3000 (charred above that temperature).

III. EVALUATION

A. Introduction

In order to determine if the specific objectives of the
synthetic program (listed in Section I) were being accomplished, it was
necessary to develop a standardized evaluation procedure which would
yield unambiguous results permitting conclusions to be drawn and providing
guidance for the synthetic effort.

B. Experimental

1. Solution Studies

Photochromic systems are frequently characterized by
spectral and kinetic behavior which is critically dependent upon
environmental conditions9 . The thermal return of the present metal
dithizonate system was known to be very dependent upon the proton transfer
ability of the mediumlO. Because of this, and particularly since the
dithizonates of all metles except mercury were known to have very fast
thermal returns, rate and conversion measurements were carried out in
solvent which was dried to remove water.

Methylene chloride was chosen as a general evaluation
solvent because of the following advantages which it has over the other
solvents considered:

1. Easy to obtain in pure form.

2. Good solvent for organic compounds.

3. Low freezing point (-96.7 0c.) which facilitates low
temperature studies.

4. Good transmittance to allow spectral studies from
240-900 mA.
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Three grades of CH2C12 were used:

Math eson Coleman and Bell No. 5509
Matheson Ooleman and Bell Spectral Grade (No. SG-5509)
Mallinckrodt Analytical Reagent Grade

The CH2 C12 was d-led by passage through a column of
Linde 3A molecular sieves. This "dry" CH2 Cl 2 was stored (over
fresh 3A sieves) in an automatic burette. Karl Fischer titration
of thi3 "dry" CY2 12 indicated that the water content was reduced
to ap roximately JO p.p-mr. H2 0 as claimed in the Linde liter-ature• i.

Considerable experimental difficulty was encourntered
in obtaining reproducible thermal return measurements in this
C!H27-l2. Different batches of dried C42 C12 showed large
variations and each batch showed variations with age. Return
rate measurements on mercury bisdithizonate were used to
standardize each dried bai cn of CH2 C12 . These measurements
varied from a room temperature half life of 50-60 minutes for
"dry" material to two to three minutes for material which had
apparently picked up water (or acids or bases). C L-÷ination
of some of the batches of CR'C12 by substances other than water
seems likely, since once the CH2 CI 2 gave "dry" performance, it
was quite stable toward contamination by atmospheric water.
Con3iderable care was necessary regarding glassware and spectro-
photometric cells during handling of this MH2CI2.

For the standard evaluation procedure, 1-2 mg. of
each dried, purified metal dithizonate sample was weighed out
on a micro balance and dissolved in 25 ml. of the CH2 CI 2 .
Appropriate dilutions were made ir, 10-ml. volumetric flasks
and spectra of unirradiated and irradiated solutions were run
on the Cary 14 recording spectrop-Aotometer in 1-cm. silica cells.
Unirradiated spectra (stable forms) were recorded from 240 mA,
(ultraviolet cutoff of CH2012) to 740 md (instrument limitation).
For irradiated spectra, the near itfrared recording method of
the Cary 14 was used. With this method., the full intensity of
a strong tungsten lamp (a 108-watt CPR projection lamp, General
Electric Compary) is directed on the sample*. The intensity of
this lamp at 490 m.A( is approximately 15 times that of full
sunlight; therefore, the conversions ottairLed with this lamp
are higher than those obtainable in sunlight. True percent
conversions can be calculated only if the spectra of the pure

*An infrared absorbing 10-3 filter (I~ish Schurman Corporation,
New Rochelle, N. Y.) was placed between the lamp and sample
to eliminate neating effects.
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A and B forms are known. At room temperature only methyl-
mercury dithizonate (Figure 1) and the palladium dithizonates
(e.g., Figure 5) can be converted to pure B. The percent
conversions for all of the mercury type com lexes were cal-
culated (e.g., from Figure 4 for compound 3) assuming that the
molar absorptivity of the B form (at max ) was one-half that
of the A form (at A ), since this relationship was found
for methylmercury dif-ihonate. Since the A form showed no
absorption at the Amax. of the B form, and since the initial
absorbance at Amax. of the A form corresponded to the total
amount of complex, the percent conversions (for the mercury
type) were calculated from:

% Conversion = Abs (p.e.)B
Abs (int.)A x 200

where: Abs (p.e.)Bf absorbance at photo equilibrium at
maUx. of the B form

Abs (int.)A = initial absorbance (dark) at the
Amax. of the A form

Thermal return half lives were measured by turning
the samples over with the intense Cary source, then monitoring
asorbance at a parti.-u- wavelength as a function of time,
using only the weak monochromatic light beam ordinarily usedin thp Ojq V fn• mjoqjjj, & vg%4•n 4vo 4-If^ -4- 11'- . . ..

Plots of thermal return data rarely indicatkd true
first order kinetics. The first order plots (log percent B
remaining versus time) were usually convex toward the time
axis, so that calculated t values (for the very slow mercury
compounds) are smaller thaA the experimental ti'l.. No detailed
studies of concentration effects were carried ht, but the t
value would undoubtedly depend on concentration.

2. Film Studies

Approximately 5 mg. of sample were dissolved in a
solution of 5 g. of Tenite D cellulose acetate (Eastman) in
25 cc. of acetone. Films were cast on metal plates using a
25-mil drawdorn bar. The final film thickness was approx-
imately 2 to 3 mils.

Some samples were insoluble in this mixture even
after standing overnight with the addition of 2.5 cc. of
tetrahydrofuran. When this occurred, the compounds were not
evaluated further., Such insolubility is noted on the data
sheets.
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The procedures for measurement of spectra and
return rates were the same as used with solutions. All
spectra were corrected for absorption and scattering by the
film using the absorbance at 700 m/4 where the complexes did
not absorb.

Light fastness was evaluated by exposing a portion
of the cast film in a holder behind a UV screen on a south
window and measuring the percent remaining at various time
intervals. The test was not designed to be highly accurate,
but to show a measure of light fastness versus mercury bis-
(dithizonate) which was included as a standard in all exposure
data. Plots of log percent remaining versus sun-hours exposed
were quite straight. indicating a first order reaction.

Light fastness is reported on the data sheets as
sun-hours to 50% fade. Mercury bis(dithizonate) had an average
value of 42 hours or five eight-hour sun-days.

C. Results and Discussion

For comparison purposes, reference data for some
unsubstituted metal dithizonates* are listed in Table II.

Table II

Photochromic Properties of Unsubstituted Metal

Dithizonates in "Dry" 'Methylene Chloride at Room Temperature

Visible Spectrum Estima ttd Thermal
(Stable Form) % Conversion Return

Compound Amax. (mAF) - in Cary 14. Half Life

CH,3HgDz** 470 31:500 100 50 min.

HgDz 2  485 637'00 84 61 min.
ZnDz2 525 ca. 90,000 60 8 sec.
CdDz 2  515 ca. 85,000 28 Very fast

PbDz 2  510 59,000 26 Very fast
BiDz 3  490 72,400 32 Very fast
AgDz.H 2 0 460 30,900 50 36 sec.

PdDz 2  445 35,300 100 19 sec.
635 31, 8,0

PtDz 2  420 sh 19.!7C00 10 Very fast
485 28.,4(,0
720 23,600

*Compounds synthesized under previous Cyanamid sponsored research.
**Dz = C13H11 N S
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Brief examination of the data in Table II shows how
unique Hg+2 is in conferring high conversion and slow thermal
return rates to this photochromic system. The effects which
the synthetic modifications had upon the properties of the
metal dithizonate systems are presented below.

I. Spectra

a. Mercury Type

On the basis of electronic spectra, the photochromic
metal dithizonates of Hg+2, Zn+ 2 , Cd+R, Bi+3 and Ag+ are all
very similar. The essential features of these spectra (stable
forms) are: (see Figures 1. 2: 3, 4, 6, 7. 8 and 9)

1. A single benzenold absorption band at
260-290 mA (E = 5,000 to 10,000 per
phenyl ring)

2. A weak shoulder in the 300-400 mj. region.

3. A broad (half-band width >100 m/A) intense
band (.E = 20,000-50,000 per dithizone
ligand) appearing at 445-560 mA4, depending
upon the metal and the substituents in the
phenyl rings.

Upon exposure to light which is absorbed in either
the ultraviolet or visible absorption bands, the visible
band shifts to longer wavelength (+100 to 165 meU) and, when
100% converted, absorbs with an intensity roughly one-half
that of the stable form. The benzenoid band in the ultra-
violet shows much smaller changes, usually shifting to longer
wavelengths and absorbing more strongly in the metastable
forms.

7he substitution of groups in the ortho, meta and
g positions of the phenyl rings in dithiz ro~uied
c--lnges in location and intensity of the various bands (i.e.,
emax. and tmax.), but the basic features of the spectra

remained the same.

Four different chemical types of substitients were
studied: alkyl, fluoroalkyl. alkoxy and halogen (see
Table I). The complete range of ortho, meta and para
substitution was studied with meto-RF7 c=h3ro gndiluoro
groups. The effects which the various groups had on the
spectral properties of the mercury type complexes can be
seen from examination of the data in Table III. This table
lists Amax. and a values for the broad visible band
(stable forms) of tfaxv'arious substituted bis complexes of
mercury and zinc. Similar effects were observed for the
other mercury type metals.
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Table III

Effect of Phenyl Substituents on the Spectral

Properties of Mercury and Zinc Bisdithizonates in
"Dry" Methylene Chloride at Room Temperature

Mercury Zinc

Substituent *-max, F max. Amax. Emax.

H 485 63,700 525 ca. 90,000

o-tch loro 485 49,000 530 75,000
"d-EttiV- 475 44, 00 515 77,200
o-Fluoro 485 52,800 527 84,loo
o-Methoxy 510 46,100* 558 95,100
_-Trifi1Aoromethyl 445 53.,000 500 72,500

m-CnJ1oro 485 60,900 530 89,300
m-Fluoro 485 63,200 528 89,800
n-Methoxy 490 64,200 532 88,i00

495 ** 540 97,800p-Ethyl 498 70,700 54o 94,900

p-.Fluoro 485 56,8oo 525 87,100
p-Metnoxy 510 72,000 545 93,000

*Unanalyzed sample synthesized under previous Cyanamid sponsored

research.

**Sample too insoluble in CH 2 CI 2 .

From the data in Table III., it is apparent that meta
substituents have very little effect on the 7~max. or Emax-
values of the complexes. In the par& position, ethyl, chloro
and methoxy groups caused small shifts toward longer wavelengths
and small intensity increases. Para fluoro groups had essentially
no effect.

The largest spectral changes were produced by ortho
substituents. These groups generally decreased the intensity
of absorption (E max.). Chloro and fluoro groups had no effect
on Amax. but ortho-ethyl and ortho-trifluoromethyl groups caused
blue Ahifts, thelatter being a particularly large 40 mf,4 shift
(see ,are 3). ortho-methoxy groups caused large red shifts
with a 11 intens-ty increase (for zinc, see Figure 4).

The intensity decreases caused by most of the ortho
groups are probably due to a sternc inhibition of resonance
effect whereby the phenyl rings of the complex are forced into
a noncoplanar arrangement. This effect might also account for
the blue shifts caused by ortho-ethyl and ortho-trifluoromethyl
groups. With methoxy groups,, resonance effec'ts apparently
predomiriaý e.



b. Palladium Type

In the case of palladium and platinum, the spectra of the
stable forms (see Figures 5 and 10) consist of:

1. Bezenoid absorption at 260-390 m1W similar in intensity
to that of the other metals, but comprised of more than one band.

2. Two or more bands in the visible appearing around 450 and
620 mX4 (E l 15,000 per dithizone ligand).

Upon exposure to light, absorption in the ultraviolet band or
in either of the two visible bands produces small changes in the ultra-
violet band, while the short wavelength (+35 mla ) with little change
in intensity and the long wavelength visible peak shifts into the near
infrared (750-850 ma ) with a decrease in intensity.

The effects of substituents on the spectra of the palladium
complexes were somewhat similar to those shown by the mercury type
complexes. One notable exception was the ortho-trifluoromethyl group
which produced a much smaller blue shift in the palladium spectrum.
In general, the long wavelength peak in the spectrum of the palladium
complexes was quite insensitive to the substituents.

2. Photochromism (Conversion and Return Rates)

Since the metal dithizonate system appears to conform to the
simple model:

hv
A -- B

(stable A (metastable
form) form)

an adequate characterization of the photochromic properties is
provided from determination of:

a. The position of the photostationary conversion at a given
light intensity, specified in this report as percent conversion from
A to B.

b. The thermal (dark) return rate (B --s A), specified in
this report as the experimentally measured half life (or calculated
half life assuming first order kinetics).
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The data sheets (1-65) list measurements of these
two photochromic properties for most of the synthesized
substituted metal dithizonates. Because of the experimental
difficulties involved in reproducibly measuring conversions
and return rates (see Experimental), it J r not possible to
interpret these values rigorously; however, the following
features are significant:

1. Mercury compounds consistently provide high
conversions and slow thermal return rates.

2. In the mercury family, zinc seems to provide the
closest approach to the mercury properties, while Cd+2 , Pb+ 2 ,
Bi+3 and Ag+ were consistently poor (i.e., fast return rates
and low conversions).

3. The various substituents in the phenyl rings did
not appear to exert a large influence on the conversions and
return rates of the complexes. Ortho-methoxy groups did seem
to cause decreases in return rate,-,ut these changes were
small compared to the difference in properties between
mercury and the other metals.

4. Palladium compounds consistently showed high
conversions and fairly fast return rates (t;< I min.). Here
also, substituents did not cause large chances in photo-
chromism.

3. Stability Studies

a. Light Fastness

All compounds were examined for light fastness in
solution-cast cellulose acetate films (see Experimental).
In these films, the photochromic properties of all the
compounds were reduced (i.e ., lower conversions, faster
return rates) compared to "dry" CH2C12, since there was
moisture in the films.

Some compounds were observed to be light unstable
during evaluation of photochromic properties in the "tdry"

CH2 CI2 . In the case of compounds 6 (Figure 9), i0 (Figure 7)
and 13 (Figure 8), irradiation in the Cary 14 caused some
decomposition, indicated by lack of complete return to the
stable form.

The light fastness results in cellulose acetate
film do not show any systematic correlation with the type
of substituent or its position. The limited solubility of
some mercury and palladium dithizonates prevented obtaining
as complete a series as desired with these compounds.
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Table IV gives the available data on light fastness
expressed as sun hours to 50% fade. Neither the bismuth nor
silver dithizonates are included in the table since only a
limited number were made. In addition, their light fastness
was relatively poor.

Table IV

Light Fastness of Metal Dithizonates in Cellulose

Acetate Film (Sun Hours to 50% Fade)

Subst ituent
Tri-

fluoro-
Metal Position H Ethyl Methoxy methyl Chloro Fluoro

Mercury ortho 40 12 108 52 * *
meta 4o - 36 - 56 NE
para 40 32 32 - * NE

Zinc ortho 8 36 24 20 24
meta NE - 68 - 32 NE
para 56 44 - 32 NE

Palladium ortho 32 >80 >80 >80 NE
meta NE - * - * NE
para 48 * - * NE

Lead ortho 4 20 32 28 NE
meta NE - 16 - * NE
para 16 16 - * NE

Cadmium ortho 8 8 48 * NE
meta NE - - - NE NE
para 20 - - * NE

Compound not prepared.

• Compound too insoluble to evaluate.

NE - Not Evaluated.

In general, the metal dilthizonates showed the
following order of light stability with respect to metal:

Pd >Hg>Zn> CdZPb >Bi> Ag

With the one major exception of mercury bis-
(o-methoxydithizonate), electron donating gi )ups seemed
t'o reduce the light stability of Hg, Cd and Pb complexes,
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while electron withdrawing groups seemed to increase it.
With the zinc complexes, the reverse was true. The reason
for the exceptional light stability of the mercury bis-
(O-methoxydithizonate) is not known at present.

b. Thermodynamic Stability

Some of the Pd compounds showed thermodynamic
(dark) instability, particularly compounds 16 and 38.
These changes were irreversible, indicating they were not
merely partial conversion to the metastable forms.

4. Application Studies

a. Fiber Reactivity

This area was explored (for nylon only) by synthesis
and evaluation of compounds 14 and 15. The dichlorotriazinyl
group present in compound 15 is reactive toward hydroxyl and
amino groups, and is used commercially fo:' reactive dyes on
cellulose.

Using compound 14 as the unreactive analog of 15,
both were dyed on Spun Nylon 6 fabric and on siprles of
thermally resistant nylon received from Natick • Both
compounds dyed easily from dispersion, 14 producing a red
dyeing, while 15 was orange. Portions of each fabric were
treated at the bnoil in:

1. Neutral soap solution

2. Dilute Na2 0O3 solution (alkaline fixation)

All fabrics were then extracted with boiling
propanol, a procedure used by Scott and Vickerstaff13 to
show that Procinyl qdyes actually react with nylon.
Estimations of percent dye remaining on the various fabrics
were made from reflectance readings. Table V lists the
fixation results on regular Nylon 6 fabric.

Table V

Fixation of Reactive Mercury Dithizonate on Nylon

Relative % Relative %
Treatment Comound14 Compound 15

Untreated, unextracted 100 100
Untreated, extracted 26 61
Soaped, extracted A 74
Alkaline fixed, extracted 20 69

R Registered trademark, Imperial Chemical Industries, Ltd.
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The difference between these two sets of extraction
values (14 vs. 15) is a good indication of reactivity of 15
toward nylon. Most of the fixation of 15 on the nylon
appeared to occur during the neutral dyeing.

Reflectance measurements on the untreated,
unextracted dyeing of 14 and the alkaline fixed, extracted
dyeing of 15 showed the following photochromic properties
(on regular Nylon 6 fabric):

Table VI

Photochromism of Reactive Mercury Dithizonate on Nylon

Estimated % Conversion Thermal
Compound in Full, Bright Sunlight Return ti

14 15% 9.4 min.
15 36% 5.4 min.

The applications of 14 and 15 on thermally resistant
nylon samples gave results quite similar to those found on
regular Nylon 6 except that dyeings on the Ca-form fabric
seemed to lead to precipitation at the fiber surface rather
than solution in the fiber.

b. Disperse Dyeings

Some limited attempts were made to apply some of
the nonmercury dithizonates to textile fabrics by disperse
dyeing methods. Zinc dithizonates were successfully applied
to give red shades on nylon, silk and wool, but these dyeings
were not usefully photochromic.

Attempts to Cye the very interesting palladium
compounds on textile fibers were unsuccessful, apparently
because of the lack of affinity for any of the fibers. It
was possible to incorporate Pd compounds in solution-cast
films (e.g., cellulose acetate, cyanoethylated cotton and
acrylic polymers), but the photochromism in these polymer
films was much less (i.e., conversions of about 20% and
very rapid return rates) than that shown in "dry" CH2 CI 2 .

IV. CONCLUSIONS AND RECO MENDATIONS

The synthetic modifications of the metal dithizonate
photochromic system described in this report brought about
some large spectral shifts for the stable and metastable
forms with the various r tals and some small increases in
light fastness (e.$., opi 3-methoxy and ortho-trifluoro-
methyl derivatives).
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The photochromic properties--percent conversion
and thermal return rate--were relatively insensitive to
substitution in the phenyl rings. Any mechanism proposed
to explain the photochromism of the metal dithizonate
system must be compatible with this somewhat surprising
result.

Of the mercury type complexes, mercury itself is
by far the best metal for ,qll-around performance. Only the
zinc complexes approach the performance of mercury. The
other m,.rcury type metals, Cd+ 2 , Pb+2 , Bl+3 and Ag+, are
not satisfactory for one or more of the following reasons:

1. Very poor solubility
2. Poor photochromic properties
3. Poor light fastness

The palladium complexes exhibit very interesting
properties in 1'dry" CH2 C12, but these properties are not
presently obtainable in polymers. More application work
will be necessary in this area.

Fiber reactivity (toward nylon) has been achieved
with a mercury dithizonate. The photochromic properties
of the reacted mercury dithizonate appear to be unaffected
by the covalent attachment to the fiber.

Since substitution in the phenyl rings of dithizone
did not accomplish all of the specific objectives outlined
in Section I, it is recomonded that the synthetic effort
during the second year of the present three-year contract
be directed toward three areas: first, a more fundamental
modification of the dithizonate system; second, a broader
investigation of fiber reactivity; third, an intensified
search for new photochromic systems. In order to show in
a more specific manner the direction the work will take-4n.
each of these areas, some examples of the systems to be
studied are listed below.

Modified dithizonate systems and their metal
complexes: This, as indicated by the structures, involves
the replacement of existing atoms or groups on the dithizone
ligand with other atoms or groups.

N - -0

X= O, NR
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N = C H - N - N -

S - C X = PN-

X = S, 0; Y = H, etc.

CH = N-C

S= C

NHNH--

Fiber Reactivity: The continuation of fiber
reactivity studies (including the preparation of water-
soluble compounds) on the dithizonate system and the
introduction of this property into any other promising
systems found. Studies contemplated on the dithizonate
system are summarized below. (R indicates fiber reactive
group)

N-NH S3

//
NI------

S -

°g
Nz=N

I M

0a

A, B= R C, D = R
A, B = R C, D = SO
A, D = R B C B,C= SO
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New Systems: This would include the study of
modification of existing photochromic systems, other than
the dithizonates, including pigment types, and studies
into the preparation of entirely new systems. Examples
would include modification of the spiropyran system (I)
currently under investigation; the preparation of new
potentially photochromic compounds such as (II); and the
utilization of solid state photochromic systems such as
anils (III) and nitrobenzylpyridines (IV) as pigments by
direct formation on the fabric or by laking (precipitation
of sulfonic acid derivatives with heavy metal salts).

0

IOH III
I • -N-- N•

CH3

(III) (IV)
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DATA SHEETS (Ccmpounds 1-65)

The following data sheets summarize the experimental results
obtained on the 65 compounds synthesized during the first year of the
present three-year ce:atract.

Infrared Spectra - The infrared spectrum for each compound is
given at the top of the data sheet (except compounds 11 and 59, since
these syntheses did not yield identifiable products). All of the spectra
presented were obtained on NuJol mulls on the Perkin-Elmer Model 137
"Infracord" spectrophotometer.

Synthesis - In the center of each data sheet are listed
compound number, name, structural formula, molecular weight, melting
point, appearance (of the solid), synthetic procedure (as described
in Section II, pp. 3-10), % yield (not maximized, ligands varied in
purity) and microanalytical data. In view of the complexity of the
compounds, a maximum deviation of 0.5% was set as the general limit
for an acceptable analysis. In a few cases where all of the elements
except one deviated less than 0.3% from theory, the analysis was
accepted even if that single element had a deviation of more than
0.5%. Any exceptions to this are noted on the data sheet.

Spectral Data - The ultraviolet-visible spectral data
listed in the lower left of the data sheets were obtained on the Cary
14 spectrophotometer. The color specifications for the unirradiated
and irradiated solutions are based on visual observation of the
standard solution in CH2C12 as run on the Cary 14. These color
specifications are quite subjective and will depend on concentration
as well as conversion obtained with the light source used. The A max.
values are given in millimicrons. Shoulders on main absorption bands
are indicated by (sh). The absorption intensity (atA max.) is listed
"under E , the molar absorptivity, this value having the units cm-1

(moles per liter)-l.

Photochromic Properties - The percent conversion values are
in all cases (except for these compounds showing 100%) estimations
assuming that the basic features of the spectra shown by the mercury
and palladium complexes apply also to the other metal dithizonates.
The conversion values listed are those obtained at room temperature
during irradiation of an unstitred solution with visible light from
the near-infrared source of the Cary 14. The thermal return half
lives are taken from experimental measurements at room temperature
from the % conversion listed to complete return to the stable form.
In the case of the very slow mercury compounds, the half lives were
extrapolated from first order rate plots.
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Light Fastness - These results are based upon
sunlight exposures or cellulose acetate films behind
ultraviolet absorbing screens. The compound adopted as
a standard, mercury bisdithizonate, required an average
of 42 sun-hours to reach 50% fade.

Remarks - This section lists the solvent(s)
used in the purification of the compound, the photochromic
properties obtained in cellulose acetate film and observa-
tions of unusually poor solubility.
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4000 3000 20M 1500 CM-. 1000 900 am 700

h 
-- -nI. 20

I~A0 - 11 ,:,..... .:,:, :, ',' T,

.500 '*'-----

.70--

1. 0- --0
: '0

3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH (MICRONS)

Compound No.: 1 Nsam: 1,5-Di(o-mthozypheny1)thiocarbazone

OR 3 ol. Wt. : 316.38 M.P.: 174-175

N-M 0 Arrarance: een brone needles

iS-j Synthetic Procedure: % Yield: 56

NaN-- Analysis: C H N S
Found

0•3 Calc.

Spctral kta

Color Amx. Thermal Return, Half Life:

Unirradiated 470 1 0000 % Conversion:

640 54 00 (Cary 14 MIl Source)

Lightfastness in C.A. Film: 65
Irradiated (Sun hours to 50% fade)

Remarks: *Hubbard, D. 1. and Scott, E. S.; J. Am. Chem. Soc. _2390 (1943).
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4000 3(00 2000 1500 CM-' 1000 900 800 700

0.0 , . [ ... .j.. .!& U. .I4 .LiJ

LU

.4o- --- , - --
1.30

#A 4 15 1 7 I 9 10 ! 2 1 4 1

WAVELENGTH (MICRONS)

Compound No.: 2 Nume: 1,5-Di(o-ethyl.te.nyl)thlocarbazore

012M3 Kol. wt. i 312.36 M.P.: 141-141.5

- 4 Appearance: Bronze crystals

EU-C Synthetic Procedure- % Z Yield: 61

Analysis. C H N S
Found

CZ2CK3  Calc.

spectral Data

Color Ames. t Thermal Return, Half Life:

Unirradiated 455 15,130 % Conversion:
62o 46,100 (Cary 14 NIR Source)

Lightfaetness in C.A. Film: 40
Irradiated (Sun hours to 50% fade)

oeuarke: *Hubbard, D. M. and Scott, H. S.; J. Am. Chem. Soc. 65 2390 (1943).
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4M 00OO 20 1500 CM' 1000 900 SIX 700

MAA

U N1

Z .. . .... 20*

< .. , ~ l'_ ''I _

.I0- - .70'1.11
3 4 5 6 7 8 9 10 11 12 13 14 15

WAVELENGTH (MICRONS)

Compound No.: 3 Name: Zinc bisZ,5-di(o-in thoxy~penyl)thiocarb.Lzonat5e7

N-ll 0Appearance: Sparking roou crystals.

Zn SC Synthetic Procedure: 1 % Yield: 70

Analyais: C H N S Zn
Found 51.6 4.33 15.6 8.95 10.12

3 2 Calc. 51.7 4.36 16.1 9.20 9.40

ftectral Date

Color Amex. Thermal Return, Half Life: 44s ec.

Unirradiated % Conversion: 49
Violet 285 36,400 (Cary 14 NIl Source)

390 (al) 12,870
558 95,100 Lightfaetneue in C.A. Film: 35

Irradiated (Sun hours to 507% fade)
Weak Violet 720

Remarks: Cellulose acetate film, % conversion 40-45%, thermal return, half life -

ca. 20 sec. Purification solvent: chloroform-mthalol.



4000 3000 2000 1500 CM-1 1000 900 800 700

0.0

.70 ----- - -

3 5 6 7 8 9 1011 12 13 14 15

WAVELENGTH (MICRONS)

Compound No. : 14 Name: CadLuju bils/:,5-di(_o-methoxyp~ernyl)thiocearbzonate_7/ Hl.Wt: 7131 .P. : 252-253

C S-C Synthetic Procedure: 1 X Yield: 9

SNNAnalysis: C H N S Cd

Found 1.8.3 3.95 114.9 8.64 114.6
•3 2 Calc. I18.5 14.07 15.1 8.63 15.1

$pectr~al Data

Color Aghx. I; Thermal Return, Half Life: 3.4 mmn.

Unirradiated Violet, 285 35,1.00 X Conversion: 6
375 (uh.) 10,500 (Cary 14 NIR Source)
550 83,9oo

Lightfaatnea. in C.A. Film: 8
Irradiated Blue 710 (Sun hour. to 50Z, fade)

Remarks: Cellulose acetate film - % conversion 30-35%, thermal return, half life -

ca. 50 sec. Purification solvent: chloroform-methanol.
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4Moo 30 2=0 150 CM-' lo0 90 a0 7M

.0 .0 :

. 0-- ,--.... y -. -r
z 20 A --

0n I, "
=40+ - -- l / _ ...-

.50: :,. t
<IO -- .30 V. .

60T
.70 . ..

10- R t - I -1 1
3 4 5 6 7 8 9 10 11 12 13 14 15

WAVELENGTH (MICRONS)

Compound No.: 5 Name: Bisgth trisf/,5-di(o-mthoxephenyl)thiocsrbazonate7

.ol. wt.: 155.09 M.P.: 2o6-1/2 -

N-M- Appearance: Brown iridescent crystals.

Bi SC Synthetic Procedure: 1 % Yield: 60

WN`0Analysis: C H N S Bi
Found 46.4 4.12 114.2 7.90 18.2
Caoc. 46.8 3.93 i14.6 8.34. 18.1

3 3

Color Amex. • Thermal Return, Half Life: less than 30 sec.

Unirradiated % Conversion: LoW

Pink 280 50,000 (Cary 14 NIR Source)
520 TT,200
6140 (sh) 13,800 Lightfastness in C.A. Film: 26

Irradiated (Sun hours to 50% fade)

Bluish Pink 640

Remarks: Cellulose acetate film - % conversion 20-25%, thermal return, half life -

14 min. 20 sec. Purification solver-t: chloroform-methanol.
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4 00 10 2000 1500 CM-i 1000 900 800 70

LU 1J. L • L ± . ... ~ L ....

rJII ---

Z .2 O .. .. . . . . .._ ,
0 I -

<.50/ --. ..

70-4
1.0 -J

3 4 5 6 7 8 9 10 1) 12 13 14 15
WAVELENGTH (MICRONS)

Compound No.: 6 Name: Silver fl,5-di(_•-ethylphenyl)thiocarbazonate_7

•2•3 Hol. wt.: 42n,.24 M.P.: 202-202-1/2 (d)

Appearance: Orange solid.

Ag---S- 'ynthetic Procedure: 2 % Yield: 51
•JN---< 0 Analysis: C H N s

Found 1.8.6 4.45 13.5 7.5
CAlc. 48.7 4.50 13.7 7.6

Spectral Data

Color Amax. : Thermal Return, Half Life: Less than 5 sec.

Unirradiated % Conversion: LOW
Yellow 265 15,600 (Cary 14 NIR Source)

300 (sh) 8,550
450 23,900 Lightfastness in C.A. Film: 2

Irradiated (Sun hours to 50% fade)
590

Remarks: Decomposition occurred in solution on irradiation. Cellulose acetate film -
- conversion 35-40%; thermal return, half life in excess of 25 min.
Purification solvent: chloroform-methanol.
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Compound No.: 9 Name: Platinum bisjl,5-di(o-ethylphenyl)thioarbazonatJ7

CH2CH3  mol. wt.: 818.06 M.P.: 225-226

//N-M Arpearqnce: Sparkling purple crystals.

-t Synthetic Procedure: 1 % Yield: 50

N-' Analysis: C H N S Pt
Found 48.9 4.34 13.1 7.22 23.9

2 Calc. 49.9 4.68 13.7 7.83 24.9

Spectral Data

Color Amax. • Thermal Return, Half Life: Less than 5 sec.

Unirradiated % Conversion: ^ 20
Dull Yellov 1445 19,000 (Cary 14 NIR Source)

485 22,300
g25 28,o00 Lightfastness in C.A. Film:

Irradiated 30 1,320 (Sun hours to 50% f&de)

Orange

Revarkts: Analysis not satisfactory after tvo recrystallizations. Purification

solvents used: chloroform-methanol; tetrahydroiuran-methanol.
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Compound No.: 10 Name: Triphenyl lead(l,5-diphenylthiocarbazofate)

Mol, Wt-: 7014-8 H.P.: 68-i/2.-69-1/2

~ App~arance: Oranee solid

S-C Synthetic Procedure: 2 %* Yield: 39

NNAnalysis: C H N S
Found 531.4 3.60 8.07 4.77
Catc. 52.9 3.78 8.o8 14.62

Spectral Date

Color AMx., £ Thermal Return, Half Life:Less than 30 seec.

Unirradiated X'ellOv 275 ah) 21,700 %. Conversion: Low - withi decomposition.
310(h 8,880 (Cary 14 NIR Source)
1430 25,300

Liglhtfsatness in C.A. Film: 11

Ii radiated (Sun houia to 50% Wae)

biall Yellow 570

Remarks: Cellulose acetate film - % conversilon 145-50%; thernal recurn, half life -

2 min. 45 sec. Purificationl solvent: met~han~ol.
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Compound No.: .1. Nam: PFatlum blul',5-di(o-mtho1,pheny.)thlocLrbozomtj_7

OCH3 HoMl. Wt.:M.:

NM- 0Appearance:

Pt SY C Synthetic Procedure: % Yield:

NIN Analysis: C H N S
Found

3 2 Calc.

bectrsl pta

Color Amex. t Thermal Return, Half Life:

Unirradiated % Converston:
(Cary 14 NIl Source)

Lightfastness in C.A. film:
Irradiated (Sun hours to 50% fade)

Remarks: Attempts at prepe@4ation did not yield an identifiable product.
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Compoun~d No.: 12 Name: Mercury bis~l,5-dt(o-ethylrkhenyl)thiocarbazonateT

CH2CH Mol. Ut .: 833 .33 m.P.: 144-145

Appearance: Sparkling red plates.

Hg -C Synhetic Procedure: 1 % Yield: 50
NN 0Analysis: C H N S Hg

Fot-nd 49.1 4.32 13.9 8.0o6 24.7

/S 2 Caic. 49.6 4.62 13.6 7.78 24.4

Spectral Data

Color AMAx.. Thermal Return, Half Life: 12 min.

Utirraidiatied elo 26 3000% Conversion: 94
Yel 7 25 44100o (Cary 14 NIR Source)

Lightfastneus in C.A. Film: 11

Irradiated (Sun hours to 50% fade)

Blue 580

Remarks: Cellulose acetate film - 80-90% conversion; thermal return, half life -

5 min. 15 sec. Purification solvent: tetrahydrofuran-methanol.
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Compound No.: 13 Name:Phenyl bismuth bis(1,5--dipbenylthiocarbazonate)

14ol. Wt.: 916.12 M.P.: 135-136
Ri from CHCl 3

Appearance: Green iridescent needles.

Bi S-C "CHC1 3  Synthetic Procedure: 2 % Yield: 47

NaN Analysis: C H N S Bi Cl
Found 43.3 2.99 12.1 6.96 22.8 10.3

2 Calc. 43.2 3.08 12.2 7.00 22.8 11.5

Spectral Rate

Color Amex. £ Thermal Return, Half Life: Less than 10 sec.

Unirradiated % Conversion: 25-40%
Orange 272 10,200 (Cary 14 NII Source)

149 18,700 Lishtfastness in C.A. Film: 24

Irradiated (Sun hours to 50% fade)
Weak Orange 6O0

Remarks: The mole of solvent of crystallization changed vith solvent of recrystallization.
Purification solvent: chloroform-methariol.
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Compound No.: 14 Name: 2-Aminophenyl mercury(1 ,5-diphenylthiocaarbazonate)

Mci. wt.:- 549.05 M.P.: 192-1/2 -

/N I~ @Appearance: orange crystals.19-/(d

H2 H-8CSynthetic Proced'ure: 2 %. Yield: 56

\ m @Analysts: C H N S Hg
Found 42.0 3.0 12.9 5.81 36.6
Caic. 41.6 3.13 12.8 5.85 36.6

Spectral Data

Color A max. Thermal Return, Half Life: 51.3 min.

Unirradiated X Conversion: 100
Yellow 260 31,20rC (Cary 14 NIR Source)

470 31:60,,
Lightfastness In C.A. Film: Not evaluated.

Irradiated Ble 28 3 W(Sun hours to 50% fade)

585 16:400

Remarks: Purification solvent: acetone.
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Compound No.: 16 Name: Palladium bis_/I,5-di(o-methoxyphenyl)thiocarbazonate7

OCH3  Nol. w't.: 737.146 M.P.: 1314 (d)

N-li4 Appearance: Purple solid

Pd S-C Synthetic Procedure: 2 % Yield: 69

NO 0 Analysis: C H N S Pd
Found 48.5 4.51 15.3 8.79 14.4

OCR3  2 Calc. 48.9 4.1o 15.2 8.70 j4.4

Spectral Data

Color Amax. • Thermal Return, Half Life: Less than 10 sec.

Unirradiated %. Conversion: 100
Oreen 282 29,800 (Cary 14 NIR Source)

460 26,600
640 30,000 Lightfastnesa in C.A. Film: In excess of 50.

Irradiated (Sun hours to 50%. fade)
Yellow' 495 25,1'00

775 18,400

Remarks: Cellulose acetate film - % conversion 90-100%; thermal return, half life -
less than 10 sec. Purification solvent: chloroform-methanol.
Solutions in CH2C12 showed thermal (dark) instability.
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Compound No.: 17 Name: Cadmium bise,5-di(o-ethylohernl)thlocarbesonat!e

1401. Ut.: 735.24 M.P.: 176-177 (d)
Appearance: Maroon prism.

Cd S/- Synthetic Procedure: 1 %. Yield: 78

Analysis: C H N S
)2 Col. 55.5 5.21 15.2 8.72

Color A•1 x. £ Thermal Return, Half Life: 12 eec.

Unirradiated % Conversion:
Orange 273 29,350 (Cary 14 NIl Source)

505 69,600
Lightfastneee in C.A. Film: 9

Irradiated (Sun hours to 50% fade)
SW Bue 640

Remarks: Cellulose acetate film - % conversion 20%, thermal return, half life - 45 sec.
Purification solvent: beneneV-methanol.
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Compo;..nd No.: 18 Name: Zinc bis/l,5-di(o-ethylphenyl)thiocarbazonate7

SC•2"CK3 Mol. wSt.: 688.10 m.P.: 163-164

/N-NH4• Appearance: Green iridescent needles.

Zn S-C \ Synthetic Procedure: 1 % Yield: 93

NNAnalysis: C H N S
Found 59.0 5.67 16.1 9.29

22C3 )2 Caic. 59.3 5.57 16.3 9.32

Spectral Data

Color Amax. k Thermal Return, Half Life: Less than 15 ee.

Unirradiated % Conversion: EeL. 62
Pink 275 29,300 (Cary 14 NIR Source)

345 (sh) 8,6Wo
515 77,200 Lightfastness in C.A. Film: 7

Irradiated (Sun hours to 50% fade)
Pinkish Blue 66o

Remarks: Cellulose acetate film - 30% conversion, thermal return, half life -
less than 15 sec, Purification solvent: benzene -methanol.
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CH2CH3  Caic. wt 9. 2 3 1.63 13P.5 173-/

N 00 I,0 Appe ara nce: e ir n n C.A. FilataPh.raiae S- CoSn vheti rion~d: 1 L %a i el:9.

Orenge 26An140 (arys: 14 NH Souc S

3145 (eb)- 11,8001 135 7

622

Remarks: Cellulose acetate film - est. 15% conersion thermal return, hal lise -too fast to asasure. Purification solvent: enzenne-sethanol.
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Compound No.: 20 Name: Mercury bisfl,5-di(o-chlorophenyl)thiocarbazonate7

7 Hmol. Wt.: 848.89 m.P.: 276-278-1/2 (u)

Appearance: Light orange needles.

Hg Synthetic Procedure: 1 % Yield: 75

Analysis: C H N S C1 He
Found 37.1 2.19 13.2 7.56 16.8 23.u3

4 )2 Ca-c. 36.8 2.14 13.2 7.55 16.7 23.6

Spectral Data

Color Aeax. £ Thermal Return, Half Life. 12 min.

Unirradiated % Conversion: 86
Orange 270 31,600 (Cary 14 NIR Source)

485 49,000
Lightfaetness in C.A. Film:

Irradiated (Sun hours to 50% fade)

Remarks: Compound too insoluble in cel3ulose acetate finm to evaluate.
Pdrification solvent: chlorobenzene.
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Compound No.: 21 Name: Cadmium bisfl',5-di(o-chlorophenyl)thiocarbazonate7

Cl
KIl wt..- 760.82 M.P.: 279-280

W-M-o Appearance: Orange microneedles.

Cd SCSynthetic Procedure: 1 % Yield. 20

2N,-P Analysis: C H N S
Found 4o.1 2.29 14.8

2C4lc. 41.0 2.28 14.8

Spectral Data

Colo:! ,lkaX. n Thermal Return, Half Life: 9 see.

Unirradiated 520 %.Conversion: Est. 4%
(Cary NIR Source)

Lightfastneas in C.A. Film:

Irradiated 670 (Sun hours to 50% fade)

Remarks: Poor solubility in CH2C12, insoluble in ce:Iulose acetate film.
Diff[icult to purify. Puriiication solvent* tetrahydrofiran.
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Compound No.: 22 Name: Zinc oisfl,5-di(o-chlorophenyl)thiocarba-orate_7

Ha Ml. wt.: 713.66 M.P.: 241-1/2-
242-1/2 (d)

// N-. Appearance: Green iridescent crystals.

Zn S--ISynthetic Procedure: 1 %~ Yield: 61

NwN Analysis: C H N S Cl Zn
Found 44.0 2.6o 15.8 8.82 19.9 9.17

Cl 2Cac. '43.8 2.54 15.7 8.98 19.9 9.16

Spectral Data

Color AmHx. • Thermal Return, Half Life: 16 sec, 33 sec.

Unirradiated % Conversion: 73

Pink 280 30,100 (Cary 14 NIR Source)
370 (sh) ii,600
530 75,000 Lightfastness in C.A. Film: 19 hrs.

Irradi- ed (Sun hours to 50% fade)

Pinkish Blue 685

Remarks: Cellulose acetate film - 10o conversion, thermal return, too fast to measure.

Purification solvent: chloroform-rethanol.

4 °P"
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Remarks: Cellulose a~cetate film - 57% conversion; thermal return, half life - 7 min.
Purification solvent: chloroform-methanol.

.30
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Compound No. : 25 Name: Zinc bisls,5-di(o-trifluoromethylphenyl)thiocarbazonate7e.

SCF 3 m ol. wt.: 847 m. P. : 167-168
N-M~d 0 Appearance: Orange crystals, geniridescence.

Zn SC \Synthetic Procedure: 1 % Yield: 92

\ • /Found 42.7 2.o6 13.4 7.06 27.1 7.25
12 tac. 42.5 2.14 13.2 7.56 26.9 7.71

Spectral Data

Color AMax. • Thermal Return, Half Life: ca. 10 sec.

Unirradiated % Conversion: 63
Orange 270 33,700 (Cary 14 14TR Sourcet)

350 (5h) 10,630
500 72,500 Lightfastness in C.A. Film: 26

Irradiated 645 (Sun hours to 507. fade)

Remarks: Cellulose acetate film - 130 conversion; thermal return, half life - less
than 5 sec. Purification solvent: ethanol-water.
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Compound No.: 26 Name: Palladium bisfl,5-di(o-chlurophenyl)thiocarbazonate7

Cl Mol. wt.: 753.17 MP. :293-293-1/2

- Appearance: Dark blue crystals.

Pd Synthetic Procedure* 2 % Yield: 60

2NN 0 Amulysis: C H N S Cl Pd
Found 41.9 2.15 15.1 8.21 18.5 13.9
Calc. 41.4 2.4o 14.8 8.50 18.8 14a.

Spectral Data

Color A mx. • Thermal Return, Half Life: 22 see.
Green 280 31,100

Unirradiated 305 (8h) 22,100 % Conversion: 100450 31,100 (Cary 14 NIP Source)645o 31,100
645 32,500 Lightfastneus in C.A. Film: More than

Irradiated (Sun hours to 50% fade) 80 hoursOrange 2.80 26,60

800 19,700

Remarks: Cellulose acetate film, 5-10% conversion, thermal return too fast to
measure. Purification solvent: chlorobepzene.
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Compound No.: 27 Name: Lead bis~L",5-•i(o-trifluoromethylpheny1)thiocarbazonate_

3 Mol. Wt. : 989.83 M.P.: 210-211 (d)

/ -Hil6 Appearance: Sparking red crystals.

S-/ Synthetic Procedure: 1 . Yield: 67

w•aQ Analysis: C H N S F Pb
Found 36.6 1.88 11.9 6.61 23.5 21.1

C73  2 Cole. 36.4 1.83 11.4 6.48 23.1 21.0

Spectral Data

Color A max. • Thermal Return, Half Life: Less than 10 sec.

Unirradiated Yellow 260 32,200 % Conversion: Less than 10.
310 (1h) 13,700 (Cary 14 MNI Source)
480 3Lightfastness in C.A. Film: 31

Irradiated 600 M (Sun hours to 50% fade)

Remarks: Purification solvent: chloroform-mothnuol.
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Compound No. : 28 Name: Palladium bis•,5 -di(o-.trifluoronethylphenyl )thiocarbazonate7

/ . CF3  H ol. Wt.: 713.2 H.P. :293-1/2 -

ca4-4/

N --S- Synthetic Procedure: 2 7. Yield! 71

\,NAnalyhia: C H N S F Pd
Found -3.4 2.23 12.6 7.32 25.7 11.9

2 talc. 40.5 2.04 12.6 7.21 25.6 12.0

Spectrtal lDaa

Color Atiax. f Therml Return, Half Life: Less than 10 sec.

Unirradiated Green 280 34,400 7. Convera ion: 100308 31,800 (Cary 14 NIR Source)

437 36,400
640 35,400 Lightfaatness in C.A. Flip: More than 80

Irradiated (Sun hourW to 50. fade)

Yellow 470 30,400
795 25,200

RemNrka: Cellulose acetate film - 25-30% conversion thermal return, half life -

less than 20 sec. Purification solvent: cPloroform-e:thanol.

NNN Anaysi: C N S F P
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Compound No.: 29 Name: Cadm.ium bisfl,5-di(o-trifluoromethylrenyl.)thiocarbazonatg7

1o MO1. Wt.: 895.05 M.P.: 234-235 (d)

Appearance: Red orange crystals.

Cd S-C Synthetic Procedure: 1 % Yield: 79

N-N 0 Analysis: C H N S F Cd
Found 39.9 2.05 12.9 26.1 12.9

CF3  2 2 Calc. 40.3 2.03 12.5 7.17 25.5 12.6

Spectral Data

Color AmSx. • Thermal Return, Half Life: Less than 10 sec.

Unirradiated orange 270 33 900 % Conversion: 24

310 (sh) 9,950 (Cary 14 NII Source)

490 6,700 Lightfaotnes8 in C.A. Film: 48

Irradiated 630 (Sun hours to 50% fade)

Remarks: Cellulose acetate film - 20% conversion, thermal return, half life -
ca. 45 sec. Purification solvent: ethanol-water.
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Compound No.: 30 Name: Mercury bisff,5-di(lo-ethylphenyl)thiocarbazonate7

Mol. Wt.: 833.33 M.P.: 234-235 (d)

N-W -1- 2CH3  Appearance: Orange red needles

Hg S-C Synthetic Procedure: 1 % Yield: 15

SNH2CH3 Analysis: C H N S HgFound 49.8 4.25 13.9 7.85 241.42 Caic. 49.6 4.65 13.6 7.79 24.4

Spectral Data

Color AmNax. • Thermal Return, Half Life: 5.3 min.

Unirradiated Orange 270 36,000 % Conversion: 84
498 70,700 (Cary 14 NIR Source)

Lightfaitneas in C.A. Film: 31
Irradiated Blue 610 (Sun hours to 507. fade)

Remarks, Cellulose acetate film - 51 converziun; thermial return, half life - 13 min.

Purification solvent: chloroform-mnethwnol.
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Compound No. •31 Name: Zinc bisSj,5-di(•-ethylpheny1)thiocarbazonatg7

S10

N-l4--( H2 CH3  Appearance: Purple solid, green iridesce~nce.

"•n-l--S-C | Synthetic Procedure: 1 % Yield: "•0

2 ound 59.3 5.140 16.2 9.67 9.30001c. 59.3 5.57 16.3 9.32 9.50

Susct ral Data

Color )Ax. m Thermal Return, Half Life: 30 sec,

Unirradiated % Conversion: 66

Bluish Red 280 30,700 (Cary 14 NIR Source)
365 (sh) 10,950
540 94,9)0 LUghtfastness in C.A. Film: 57

Irradiated (Sun hours to 50% fade)
Weak Violet 69o

Remarks: Cellulose acetate filp - 45% conversion; thermal return, half life -
10 to 20 sec. PurificAtion solvent: chloroform-methanol.
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Compoun No.: 32i Iame: III!~ Ili!di .etylen 1)hicaba nt

Hal. Wt. 83.6 7..:6-r 9

2 4ac 5 9.64.62 0 1 13. 7.3 25.0 5

Compound No:t 2 me Lea Cof-5d~pehlhnverujcara~on 29

Red- -C 270ý 37,30 p(aryne 14~oo nI ore)de

Fb~~~~5 (sr) 15,100Prcdre %Yel:1

11irradiated (Su Couvrsiton 29fd

weak violet 660

Remarks: Purification solvent: chxloroform-mnethanol.
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Compound No.: 33 Name: Cadmium bis~i,5-di(p-ethy1phenyl)thiocarbazonatg

/Mol. Wt.: 735.24 M.P.: 237-238

-K2CH3 Appearance: Orange-red solid.

Cd S- ) Synthetic Procedure: 1 % Yield: 21

P-N Analysis: C H N S C1
2 ound 55.3 5.25 15.2 8.52 15.2

Caic. 55.5 5.21 15.2 8.72 15.3

Spectral Date

Color A max. £ Thermal Return, Half Life: 7.4 sec.

Unirradiated % Conversion: 56
Red 278 36,600 (Cary 14 Nir Source)

345 (sh) 12,850
525 96,000 Lightfastneee in C.A. Film: 22

Irradiated (Sun hours to 50% fade)
Weak Vsolet 665

Remarks: Purification solvent: ch~oroform-metha"~o1.
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Compound No.: 34 Name: Zinc bis•,5-di(p-chlorophenyl)thiocarbazonate7

Mol, 'It. 713.66 H.P.: 281-2815 (dl

N-131 CI Appearance: Purple solid, green iridescence.

Zn S-C'1  Synthetic Procedure: I 7. Yield: 83

WUN Analysis: C H N S Cl Zn
Found 43.5 2.50 15.9 9.27 20.0 9.40

2 Calc. 43.8 2.54 15.7 8.98 19.9 9.!6

Spectral Data

Color ANax. j Thermal Return, Half Life: 28 sec.

Unirradiated % Conversion: 64
Bluish Red 280 33,100 (Cary 14 NIR Source)

370 11,850
540 97,800 Lightfastness in C.A. Film: 35

Irradiated (Sun hours to 50% fade)
Violet 685

Remarks: Purification solvent: chloroform-methanol.
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Compound No.: 35 Name: Mercury bisf,5-di(p-ehlorophenyl)thiocarbazonate7

Hal. Wt.: 848.89 H.P.: 259-260

N-NH Cl Appearance: Red microcry tals

Hg S-C Synthetic Procedure: 1 % Yield: 55

N 1Analysis: C H N S 11gFound 36.7 2.22 13.0 7.10 23.7
"Calc. 36.8 2.14 13.2 7.55 23.6

Spectral Data

Coltr Namx. • Thermal Return, Half Life: 6 min.

Unirradiated Orange 495 ? % Conversion: 90
(Cary 14 NIR Source)

Lightfastness in C.A. Film:Irradiated Blue 610 (Sun hours to 50% fade)

Remarks: Poor solubility in CH2 C12 , insoluble in cellulose acetate film.
Purification solvent; tetrahydrofuran -methanol.

W'"
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Compound No-: 36 Name: Lead bisIC,5-di(2-chloropheay1)thiocinrb&zOr r, 7

mi. 'ft.: 855.63 .P.: 268-269 (d)

N-Ill~CAppearance: Red-brown iridescent powder.

S-C'j Synthet~ic procedure: 1 Z Yield: 50

\IlmN__ý J)C1 Analysis: C H N S C1 Pb

/2 Found 36.1 1.94~ 13.2 7.67 16.7124.
Ca3c. 36.5 2.12 13.1 7.49 16.6 2

Color )*\sr. . Thermal Return, Half Life;

Unirradiated % Conversion:
(Cary 14 MIR Source)

Lightfastnese In C.A. Film:

Irradiated (Sun hoarer to 50% fade)

Remarks; Too insoluble to evaluate in CH2C12 - Washed with acetone for purification.
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Compound No. : 37 Name: Cadmiu,, bisa0,5.-di(£-chlorophen•y1)thiocarba=o,,t 5 7

/ a.l. Vt.: 760.82 H.P.: 29Id (d)

Cd S-C Synthetic Proceldures: 1 Z Yie~ld: 61
XI.. • I/• l Analyci.: C H N S Cl Cd

/2 Sound 1,1.1 2.36 1I&.7 8.91 18.8 1I•.8
\Cole. 141.0 2.38 114.2 8.32 18.7 1.4.8

Color An.x. j Thermal beturn, Half Life:

Unirradiated I Conversion:
(Cary 14 NIl Source)

Lilhtfaetneee in C.A. Film:
Irradiated (Sun houri to 507, fade)

Remarks: Too insoluble to evaluate in CH2 Cl2or celluloe acetate rumn.
Purification solvent: dlmetbylformi~de,
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Compound go. : 38 Name: PkI• ium blas,5-di(2-chlorophenyl)thiocarb~onate7

/ . mol- Wt. : 750-12 MP.F.: 305-3o6 (d)

/.-.--Appearsance: Gray-black powder

NI I Anlss C lK

120 Fon 41. 2.91488501.11

3 Calc. 10.3 2.1 19 8.51 18.8 14 .2

Spectral Date

Color Amx. Therlal 7t0.urn, Half Life: Very fast.

UNirradiated Velort 510 % Conversion: Est. 5%
P60 (sh) (Cary r oedr Source)

Lightfastnoss in C.A. Film:Irradiated (Sun hours to 50% fadt)

Remarks: Poor solubility in CHPC2 , unsoluble in cellulose acetate film.

Purification: slurried vith acetone.
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Compound No.: 39 Name: Zinc bisji,5-di(m-cxhlorophenyl)thiocmrbazonate7

Hal. wt.: 713.66 M.P.: 258 -258 -1/2

40' N-l Appearance: Maroon iridescent crystals,

Zn C Synthetic Procedure: 1 % Yield: 55

X-N- Analysis: C n N S Cl Zn
Found 44.1 2.87 15.9 8.59 20.0 8.90

2 Calc. 43.8 2.54 15.7 8.98 19,9 9.16

Color AMN3 . • Thermal Return, Half Life: 22-23 eec.

Unirradiated % Conversion:
Red 280 34,500 (Cory 14 NIlR Source) 59

365 11,050
530 89,300 Lightfaatnese in C.A. Film: 32

Irradiated (Sun hours to 50% fade)
Violet 680

Remarks: Purification solvent: tetrahydrofure'n ihanol.
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Comp~und No. : 1.0 Name: Mercury bia1 ~,5-di(r-chlorophen~y1)thiocarlazonate7

-NilAppearance: Orange crystals

Hg S-C Synthetic Procedure: i Z Yield:6%

Found 36.6 2.56 13.3 7.20 16.5 23.5
2 atc. 36.8 2.114 13.2 7.55 16.4 23.6

Soectra l Data,

Color Alax. • Ther-mal Return, Half Life:

Unirradiated Z Convers ion: 87
Orange 27/0 27,:00 (Cary 1.4 NIR Source)305 (sh) 14,300

1.5 60,900 Lishtfaatneaa in C.A. Film: 56
Irradiated (Sun hour. to 50% fade)

.lu660

Remarks : PuAipcanon solvent: benzene.

g \ St i r



-67-

4000 3000 2000 1500 CM- 1  1000..900 8..00 70

-. i2

31 .3011
9+5117

<150

3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH (MICRONS)

Compound No.: 41 Name: Palladium biLi,5-di(_-chloroPhenyl)thiocarbazonatj7

1 Mol. Wt.: 753.32 M.P.: 2T7-278 (d)

N-M-4 Appearance: Black solid

Pd - Synthetic Procedure: 2 % Yield: 40

N Analysis: C X N S Cl Nd
Found 41.7 2.61 14.9 8.75 19.0 14.2

Cl 2 Caic. 41.4. 2.41 14.9 8.51 18.9 14.2

ftectrol Data

Color ANmax. • Thermal Return, Half Life:.Very fast

Unirradiated Oreen 280 % Conversion: Est. 56%
452 (Cary 14 NIK Source)
6W.

Lightfastnest in C.A. Film:
Irradiated Orange (Sun hours to 50% fade)

Remarks: Poor solubility in CH2C12, insoluble cellulose acetate film. Purification
solv Put: tetraydaoftran.



-68-

4 M0 3000 200 1500 CM-1 1000} 9w0 800 700
0 .0 . ........lJ il]I

Z 2o
< I

30

S40 -

ý' - -- - --- -- IP.

70

1.0

3 6 7 8 9 10 11 12 13 M4 13
WAVELENGTH (MICRONS)

Compound No.: 42 Name: Lead bisLi,5-di(m-chtorophenyl)thiocarbazonate7

Ml ol. wt.: 855.63 M.P.: 241-242 (d)

N-NH- Appearance: Bronse microneedles

Pb SCSynthetic Procedure: 1 % Yield: 35
NmN Analysis: C H N S Cl Fb

Found 37.1 2.38 12.2 7.43 15.8 23.8
2 Calc. 36.5 2.12 13.1 7.49 16.6 24.2

Spectral Data

Color AOx. Thermal Return, Half Life:

Unirradiated % Conversion:
Pale pink - sat. solution. (Cary 14 NIR Source)

Lightfastness in C.A. Film:
Irradiated (Sun hours to 50% fade)

Remarks: Too insoluble to evaluate in C112C12 . Purification solvent: tetrahydrofuran.
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Compound No. : 43 Name: Cadmium bis•li,5-d.i(_-chlorophenyl)thiocarbazonateq

C1 14ol. wt.: 760.82 Mi'.: 288-289 (d)

N-01- Appearance: Orange solid

Cd- -C \ Synthetic Procedure: 1 % '.ield: 37

N-N Analysti: C H N S C1 Cd
Found 40.9 2.140 14.4 8.26 18.5 14.3

)2 Calc. 41.0 2.38 14.8 8.32 18.7 14.8

Spectral Data

Color AM. t Thermal Return, Half Life:

Unirradiated % Conversion:
(Cary 14 NIR Source)

Lightfastness in C.A. Film:
Irradiated (Sun hours to 50% fade)

Remarks: Pool solubility in CH2 CZ2 . Purification solvent: tetrahydrofuren-
methanol.
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Compound No.: 44 Name: Hercury bisl/,5-c,,(p-methoxyphenyl)thiocarbazont!_7

Mol. Wt.: 831.37 m.p.: P11-212 (d)

Appearance: DIrk red micro needles.

Hg S-C \ Synthetic Procedure: 1 % Yield: 66

N-N K3 Analysis: C H N S Hg
Found 42.6 3.52 13.5 8.05 24.4

2 Calc. 43.3 3.64 13.5 7.72 24.1

Spectral Data

Color Amex. f Thermal Return, Half Life:

Unirradiated % Convertlon: 86
Pinky" Orange 270 29,200 (Cary 14 NIR Source)

320 (ah) 21,500
510 72,000 Lightfaestness in C.A. Film: 30

Irradiated (Sun hours to 507. fade)
Blue 620

Remarks: Purification solvent: benzene.
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Compound No. : 45 Name: Mercury bis0,5-di(_n-methoxyphenyZ)thiocarbazonate_7

H-]HHAppearance: Red needles

Hg - Synthetic Procedure: 1 • Yield: 40

Found 42..9 3.52 13.3 7.70 24•.6
3 2 talc. 43.3 3.64 13.5 7.71 24.3.

Spectral Datga

Color AN.:. jg Thermal Return, Half Life:

Unirradiatad 7, Conversion: 83

Orange 270 31,200 (Cary 14 NIX1 Source)

490 64,200 Lightfaetness in C.A. Film: 37
Irradiated (Sun hour8 to 50• fade)

Bre 600tt

Remarks: 40rification solvent: bensene.

I,,70
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Compound No. : 46 Nime:*rc"ury bil,5/',-.•l(o_-fluor'ophenl)thiocarbazo-,teeJ

F5 mo - wt - : 78 -6m P :2--4 -/ d

// N-- - Appearance: Fine orange needles.

He - \ Synthetic Procedure: I % Yield: 80

Found 39.9 2.44 14•.4 8.68 9.70 25.33 4Cc. 39.9 2.36 12.3 8.18 9.70 25.6

spectral Data

Color WH~x. Thermal Return, Half Life: 62 m )n.

Unirradiated Orsnge pp60 3pr6c: % Conversion: 90-Ve4 32,800 (Cary 14 NIR Source)

Lightfastness in C.A. Film:Irradiated Blue 590 (Sun hours to 50% fads)

Remarks: Insoluble in cellulose acetate film. Purification solvent: tetrahydrofuran.
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Compound No. : 1f7 Name: Zinc bis•i,5-di(o-fluorophenyl)thiocarbazon-t.J

Zn S •1 Sy theti Procd.re 1 r : 2ield: (90

N -N Appearance: Orson iridescent needles.

\•lNAnalysis: C N S F ZnIio117: .7 • 17.1 9.95 1.1.7 9.85
2Calc. '.22.80 17.3 9.98 11.7 10.1

$eectral Dota

Color A•x. • Thermal Return, Half Life: 33 sec.

Unirradieted % Conversion: 63
BluUish Be4 275 28,31.O (Cary 14 NIL" Source)

370 12,500
527 814,i00 Lightfaetness in C.A. Film: 26'50(Sun hours to 50 fade)

Remarks: 4 fication solvent: chloroform-methanol.
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Compound No.: 48 Name: Lead bis•j,5-di(o-fluorophenyl)thiocarbazonat7e

F
Mol. Wt.: 790.36 M.P.: 208-209

! -NHt--( , Appearance: Reddish-brown iridescent micro

Pb S- Synthetic Procedure: i1 % Yield: 25

N-N Analysis: C H N S F Pb
Found 39.9 2.30 13.9 8.30 9.3 26.5
Calc. 39.5 2.30 14.2 8.12 9.6 26.2

Spectral Data

Color AMax. : Thermal Return, Half Life:

Unirradiated % Conversion:
Red (Cary 14 NIR Source)

Lightfaetness in C.A. Film:
Irradiated SI. Bluish- (Sun hours to 50% fade)

Red

Remarks! ?uri'icatior solvent: ch.orobenzene.

I - - 1 . - -
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P.0 S- S t e 2d

3Fo.u6nd8 45. 2.5 16. 9.3 114 15.

, j

F 2 and 4•5.3 2.63 16.3 9.31• 11.0 15.4,

Spectra1 Dat ta

Color A•ix. £ Thermil Return, Half Life:

Unirradiated T ovrin
Yel.L~sh reen(Cary 14 NIR Source)

Lilhtfaetneee in C.A. Film:Irradiated (Sun hours to S0% fade)

Remarks: Poor solubility in CH2 C12 . Purification solvent: chlorobounzene.

-~ U
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Compound No.: 50 Name: Palladium bis/l,5-di(.t-methxyrhenyl)thiocarbazonateg

Hal. wt.: 737.46 H. P. -254f-255 (d)

1-N ý OCH 3 Appearance: Purple iridescent plates.

Pd S-C Synthetic Procedure: 2 7, Yield: 50

N-N 3 Analyala: C H N S Pd

2 Found 48.9 4•.1 15.1 8.79 14.7
Calc. 49.u 4.11 15.3 8.72 14.5

Spectral Data

Color max. T hermal Return, Half Life:

Unirradiated Green 275 34,850 % Conversion: 100
475 25,600 (Cary 14 NIR Source)
565 33,100
650 35,900 Lightfastneas in C.A. F•Im:

Irradiated (Sun hours to 507. fade)

Orange 510 35,200
8OO 24,300

Remarks: Insoluble in cellulose acetate film. Purification solvent:
te trahydrofuran-mothanol.
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Compound No.: 51 Name: Palladium bisZj,5-di(m-rn thoorptenyl)thiocarbazonate7

OCH3  Mol. Wt.: 737.46 M.P.: 251-252 (d)

N-M4 Appearance: Purple iridescent plates.

Pd S-C Synthetic Procedure: 2 % Yield: 26

\NNAnalysis: C H N S JPd
Found 49.2 4.09 15.2 8.67 14.7

OCK3 )2 Calc. 49.o 4.11 15.3 8.72 14.5

Spectral Data

Color AMaX. • Thermal Return, Half Life:

Unirradiated Green 285 38,600 % Conversion: 100
455 32,900 (Cary 14 MIR Source)
640 32,300

Lightfastneaa in C.A. Film:
Irradiated Yellow 490 29800 (Sun hours to 50% fade)

790 20,800

Remarks: Insoluble in cellulose acetate film. Purification solvent:

tetrahydroifaran-methanol.
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3ol At. 696. 910 M.P. 102-2014 (d)

// N-H--6Appearance: Green iridcscent microcrystalc.

Zn s-' Synthetic Procedure: 1 %. Yield: 6(

NNAnalysis: C H N S Zn

-1 0HFound 51.9 14.45 16.4 9.18 8.99
32 Calc. )1-7 4.34' 16.1 9.21 9.40

Spectral Data

Color Amax. .Thermal Return, Half Life: 18 sec.

Unirradiated % Conversion: 64
Red 282 30,000 (Cary 14 NIR Source)

-350 12,000
532 88,100 Lightfastness in C.A. Film: b9

Irradiated (Sun hours to 50% fade)
B.uiuk- Red 680

Remark-s: Aipritcation solvent: chrorofoem-msne.crnoa.

Zn Sntheic Poceure:i 7.Ylel: 6
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Compound No.: 53 Name: Lead bisf,5-di(m--methoxypkenyl)thiocarbazonate7

li3 ol. Wt.: 838.67 M.P.: 207-209 (d)

/N-El Appearance: Maroon micro crystals.

NwK Analysis: C H N S Pb

Found 41.9 3.20 13.2 7.72 23.72 Coic. 43.0 3.61 13.4 7.65 24-.7

89ectral Data

Color Amsx. t Thermal Return, Half Life:

Unirradiated Pink 280 33,600 % Conversion: 22
340 14,400 (Cary 14 NIR Source)
52 62,700 Lightfastness in C.A. Film: 15

Irradiated 650 (Sun hours to 50% fade)

Remarks: Rerrystallized from chloroform-methanol and chlorobenzene. Analysis did
not change.
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Compound No.-: 54 Name: M4ercury bisfl/,5-di(_m-fluorophenyl)thiocarbazonate7

-I• Appearance: Orange solid

Hg SCSynthetic Procedure: 1 % Yield: 65

NON--' Anlyis C N s AH

FFound 40.2 2.30 14.3 8.19 9.92 25.62 Cale. 39.9 2.32 1i.3 8.19 9.70 25.6

Spectral Dat&

Color *\VAX. Thermal Return, Half Life:

Unirradiated Orange 270O 36,300 % Conversion: 8485 636200 (C71y 14 NIR Source)

Lightfastness in C.A. Film:
Irradiated Blue 59 (Sun hours to 50% fade)

Remarks : I}rificatNon solvent: tetrahydrofuran-methanol.
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Compound No.: 55 Name: Mercury bisfj3,5 -di(2-fluoroPhenyl)thiocarbazonateg

Hal. wt.: 783.06 H.P.: 245-2146

N-Nit.& F Appearance: Red micro crystals.

Hg S-C Synthetic Procedure: 1 X Yield: 38

N. N Analysis: C H N S Hg
Found 39.7 2.14 14.1 7.77 25.9

2 Calc. 39.9 2.32 14.3 8.19 25.6

Spectral Data

Color A•Hx. • Thermal Return, Half Life:

Unirradiated % Conversion: 81
Yellow 265 28,300 (Cary 14 NIR Source)

305 (sh) i an6oo
485 56,300 Lightfastnoss in C.A. Film:

Irradiated (Sun hours to 50% fade)
Blue '"90

Remarks: Purification solvent: chlorobenzane followed by trituration with methanol.
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Compound No.: 56 Name:Zinc bisf,5--di(m-fluorophenyl)thiocarbazonate7

/ ol" wt.: 647.83 M.P.: 244.5-245(d)
Appearance: Maroon solid

/ppar.

Zn Synthetic Procedure: 1 % Yield: 23

N=N 0 Analysis: C H N S F Zn
Found 48.4 3.05 17.3 10.0 11.8 9.75

)2 Calc. 48.2 2.80 17.3 9.98 11.7 10.1

Spectral Data

Color A Max. : Thermal Return, Half Life: 26 sec.

Unirra. "ated % Conwvrsion: 69
Red 275 29,400 (Cary 14 NIR Source)

360 11,500
528 89,800 Lightfastness in C.A. Film:

Irradiated (Sun hours to 50% fade)
Bluish Red 68o

Remarks; Purification solvent: chloroform-methanol.
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Compound No.: 57 Nane: Zinc bisfl,5-di(.-fluorophenyl)thiocsrbezo-Ate7

'ol. wt.: 647.83 M.P.: 274-275 (d)

KN-I. •F Appearance: Maroon solid

Zn S-C \ Synthetic Procedure: I % Yield: 32

U.N Analysis: C H N S F Zn
Found 48.2 3.08 17.3 9.88 12.3 9.62 CaIc. 48.2 2.80 17.3 9.98 11.7 10.1

spectral Dots

Color Amex. t Thermal Return, Half Life: 14 sec.

Unirradiated % Conversion: 66
Red 275 27,100 (Cary 14 NT?. Source)

360 10,700
525 87.100 LiLEtfastness in C.A. Film:

Irradiated (Sun hours to 50% fade)
Eluish Red 670

Remarks: Parification solvent: tetrahydrofuran-methanol.
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Compound No. : 58 Name: Lead. biLsZ/•,-di(m-f1uorophen~yl)th~iocaribazonate7

N-M-- Appearance : Maroon solid.

Fb- S- Synthetic Procedure: 1 % Yield: 30

Found 40.0 2 .62 14.2 8.14 9 .87 26.1Nw F)talc. 39.5 2.30 14.2 8.19 9.62 26.2

Spact~ral Datai

Color -Max. Thermal Return, Half Life:

Unirradistsd %. Conversion:
Red (Cary 14 NIR Source)

Lightfastnees in C.A. Film;
Irradiated (Sun hours to 507% fade)

lemarics," Limited solub±lity in CH2CI2. Purification solvent: tetrahydrofuran-
m hanol.
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Compound No.: 59 Name: Palladium bijls,5-di(pl-ethylphenyl)thiocarbazonate7

/Moi. wt.: 729.42 N.P.:

N-14 'O' CH3 Appearance:

d -Synthetic Procedure: % Yield:

NN-42C3 Analysis: C H N S
Found

)2 Calc.

Spectrel Da..a

Color AHmx. £ Thermal Return, Half Life:

Unirradiated % Conversion:
(Cary 14 NIl Source)

Lightfastness in C.A. Film:
Irradiated (Sun hours to 50% fade)

Remarks: Product gave very poor analysis, will be resynthesized.
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Compound No.: 60 Namc: Zinc biE/I,5.1di(p-methox'phenyl)thiocarbazonatg

Mol. wt.: 696.10 M.P.: 254-254.5

N-M--o OCH3 I Appearance: Green iridescent solid.

Zn S-C Synthetic Procedur;: 1 % Yield: 45

N- 3 Analysis: C H N S Zr'.
2 Found 51.9 4.33 16.2 9.32 9.39Calc. 51.8 4.34 16.1 9.21 9.39

Spectral Data

Color Amax. • Thermal Return, Half Life:

Unirradiated % Conversion: 61
Htnk 280 24,400 (Cary 14 NIR Source)

315 17,150
545 93,000 Lightfastness in C.A. Film: 45

Irradiated (Sun hours to 50% fade)
Bluish Pink 690

Aemarks: Purification solvent: chloroform-methanol.
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Compound No. : 61 Name: Lead bis•,5-di(•-Imethoxyp~henyl)thiocarbazonate_7

N-iOCH3 Appearance : Maroon solid.

Pb.- -/ Synthetic Procedure: 1 % Yield: 24•

/• Found 42.8 3.33 13.4 8.14 24.5

2 Cale. 43.0 3.61 13.4 7.65 24.7

Spectral Data

Color ?'Max. • Thermal Return, Half Life:

Unirradiated Pink 320 (sh) 21,200 % Conversion: Less than Io%.
530 65,400 (Cary 14 NIR Source)

Lightfastnesa in C.A. Film: 15
Irradiated 620 (') (Sun hour. to 507. fade)

Renarks : Pu.rification solvent : tetrahyd~rofuran-iwthanol.

-. •.<

6.6
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Compound No.: 62 NLme: Palladium bisf,5-di(m-fluorophenyl)thiocarbazonatee7

F Mol. Wt.: 838.67 m.P.: 285-285.5

N-l-6 Appearance: Dark purple solid

Pd S-C-\ Synthetic Procedure: 2 %Yield: 25

Analysis: C H N S F N
Found 45.6 2.87 16.2 9.06 11.5 14.9
Cale. 45.3 2.63 16.3 9.31 11.0 15.,)

Spectral Data

Color Amx. Thermal Return, Half Life:

Unirradiated P % Conversion:
(Cary 14 NIR Source)

Lightfastness in C.A. Film:
Irradiated Yellow (Sun hours to 50% fade)

Hernark.s, Poor solubility in CI12 C12 . Purification solvent: tetraliydrofuran-
methanol.
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Compound No.: 63 Name: Palladium bis~Li,5-di(y-fluorophenyl)tbiocarbazonate7

Mol. wt.: 688.99 M.P.: 310-311

// N-K-& FAppearance: Dark purple solid.

SS-C 
Synthetic Procedure: 2 % Yield: 20

Found 45). 2.57T 16.2 9.014
2 Calc. 145.3 2.63 16.3 9.31 15.0

ftctral Data

Color Amex. Thermal Return, Half Life:

Unirradiated Gre Conversion:
(Cary 14 NIR Source)

Lightfastness In C.Aý Film:
Irradiated Yellow (Sun hours to 50% fade)

Remarks: Poor solubility in CH2C12 . Purification solvent: ch~lorobenzene.
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Compound No. : 64 Ngame: Lead. bis~,5-di(p-fluorophenyl)thiocarbazonate7

/-I• FAppearance: Maroon mrcro needles.

Po Synthetic Procedure: 1 7. Yield: 45

S-N--O F Analysis: C H N S F Pb
3Found 39.8 2.59 14.2 9.02 9.79 26.5

CaMc. 39.5 2.30 14.2 8.12 9.62 26.2

Spectral Data

Color AMax. • Thermal Return, Half Life:

Unirradiated Pink 7. Conversion:
(Cary 14 NIR Source)

Lightfastness in C.A. Film:
Irradiated (Sun hours to 50% fade)

Remarks: Poor solubility in CH2 CI2 . Purification solvent: tetrahydrof'uran.



-91-

4000 3000 2000 1500 CM-1 1000 900 800 700

0.0 _ - Y Z 1 {77
z 2¢ - -C--lt.

.30 "..

<_ -"i __ _

7C >7.. .........

3 7 8 9 10 11 12 13 14 15WAVELENGTH (MICRONS)

Compound No.: 65 Name: 1,5 -Diphenylcarbaone

4ol. : 240.26 M.P. : 126 -127

Appearance: Orange-yellow needles

Synthetic Procedure: * 7, Yield: 50

N= nlyi: C H IN S
Found
Calc.

Spectral Data

Color Amax. I Thermal Return, Half Life:

Unirradiatee % Conversion:
Weak Pink 455 636 (Cary 14 NIR Source)

Lightfaetneea in C.A. Film:
Irradiated (Sun hours to 50% fade)

Yellow

Remarks: fds Silva, J., Calado, J. and de Moura, X. L., Tantala 11, 983 (1964).
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FIGURE 3
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FIGURE 5
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FIGURE 9

SPECTRAL CTRVES OF 2.9 X 10-5 M SILVEp
3., 5-DI(j.-E2-TYLPHEN•L)THIOCARgAZONATE,
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